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THE first step in the testing of photographic plates, films, and
papers by the sensitometric method involves the exposure of the
material in some definite precisely determined manner . This is
accomplished by use of an instrument known as a "sensitometer,"
which subjects various areas of the material to be examined to a
series of exposures varying in value over the necessary range and
in accordance with some definitely known predetermined ratio .
Since the density of the developed areas over a considerable pro-
portion of the scale of the material is directly proportional to the
logarithm of the exposure, and, since it is usually desirable in
producing a graphical representation of the characteristics of the
material to plot density against the logarithm of the exposure, a
series of exposures increasing according to some logarithmic
function is usually chosen, thus producing an even distribution of
determined points along the exposure axis . The exposure scales
in most common use are those in which the exposures increase
from step to step by consecutive powers of 2,1/ 2 or~/ a ,the par-
ticular scale used being that one which is best suited to the scale
of the material being tested and to the requirements of precision
necessary in the problem being considered .

The response of a photographic material to the stimulating
exposure is a function not only of the intensity (I) of that stimu-
lus, but also of the duration of time (T) through which the
stimulus acts. Exposure, therefore, consists of two factors, time
and intensity, and hence its value may be varied by a change in
either the time or intensity factor . The desired variation in the
time factor maybe accomplished by either of two general methods,
the continuous or intermittent . In case of the former the exposing
radiation is allowed to act continuously from the instant of
starting until the desired exposure has been obtained, while in the
latter the exposure is broken up into a series of flashes varying
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in duration for the various areas being exposed . There are in
general, therefore, three distinct ways in which a photographic
plate may be exposed for sensitometric purposes . and sensi-
tometers may conveniently be divided into three classes according
to the way in which the required variation of exposure is obtained :

CLASS A : I variable, T constant (intensity Scale Instrument) .
CLASS B : I constant, 7 variable and continuous (Non-intermittent

Time Scale Instruments) .
CLASS C : I constant, T variable and intermittent (Intermittent

Time Scale Instruments) .

Sensitometers producing graded exposures in all three of the
ways mentioned above have been used by various workers in the
field of photographic research .

The chief examples of Class A are the tube sensitometers and
tablet sensitometers. The former consist of a series of tubes or
cells of equal lengths at one end of which is placed the photo-
graphic plate, the other ends of the various tubes being closed by
opaque plates containing apertures of variable areas . If these
apertures are properly illuminated, the intensity of the light acting
on the photographic plate at the other end of the tubes will
be proportional to the areas of the apertures . In order to obtain
high precision with this type, extremely good machine work is
necessary, and great care must lie exercised in obtaining proper
illumination of the apertures . Difficulty also arises in obtaining
a long scale of exposures and at the same time placing the exposed
areas close together on the plate, this being highly desirable in
order to minimize as much as possible the errors arising from the
inequalities of coating. Sensitometers of this type have been used
by Spurge,' Vogel, 2 Luther 3 and others .

Tablet sensitometers are made by producing on a transparent
support, such as glass or film, a series of deposits varying in den-
sity according to the desired scale of exposures . These densities
may be produced by use of pigmented or neutral dyed gelatine or
by a photographic deposit of silver grains developed in a non-
staining developer . The plate to be tested is printed in contact
with the tablet and the densities of the various tablet areas, having
been previously measured, the intensity of the light acting on the
various areas of exposed plate can be determined . The chief
difficulties in the preparation of such tablets lie in the exact
measurement of the various densities, in obtaining and reproduc-
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dig precisely the densities desired and in obtaining media that
are photographically non-selective in regard to spectral absorption .
The best known examples of this type are the Warnerke 4 and
hapman-Jones ;' tablets .

Sensitometers of Class B have been but little used . One form
proposed by Cowan c consists of a plate which is allowed to fall,
under the action of gravity, between the light source and the
material to be tested . In this plate is cut a series of slots of
different lengths, allowing the light to act for various intervals
of time upon the areas of sensitive surface behind the several
slots, The chief objection to this type is the necessity of applying
a correction to compensate for the variable velocity of fall due
to gravitational acceleration . Another form proposed by General
Sebert I is much more satisfactory but does not seem to have
been used very extensively . This consists of a plate-holder,
carrying the sensitive material to be exposed, driven at a constant
velocity past a metal plate, in which are cut slots of different
lengths. The constant velocity is obtained by means of a clock-
work controlled by a pendulum .

Class C includes instruments of the sector wheel type . These
consist of an opaque disk in which are cut slots of various angular
dimensions, mounted on a shaft, and driven at a fairly high angu-
lar velocity . The material to be exposed is placed behind this
rotating disk and various areas receive exposures which are
directly proportional to the angular dimensions of the slots .
This instrument has been very extensively used in photographic
research and is the most common and best known form of sensi-
tometer. This form was proposed as early as 184o by Claudet,
and again in 1889 by Bolton ."

Various workers have used instruments of this type differing
slightly in detail ; for instance, Hurter and Driffield" adopted
one. employing a disk having nine steps, increasing in angular
dimensions by consecutive powers of 2, thus giving exposures
doubling in value from step to step . Schemer 10 adopted a disk in
which the ratio of adjacent slots was 1 : 1 .27, thus giving the
determined points very close together on the exposure axis and for
a given number of steps covering a relatively small range of the
scale of the material . An instrument of this type was constructed
in this laboratory having a disk cut so as to give exposures, in-
creased by consecutive powers of 4/ 2 for use in the testing of
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photographic printing papers which have a scale much less than
that of plates, or for the very precise determination of a portion
of a plate characteristic, the increased precision obtained being
due to the fact that three times as many points are deter-
mined as with the instrument giving exposures increasing by
powers of 2,

A very complete description of the sector wheel sensitometer
and a discussion of the precision obtainable in the cutting of the
disk has been published by Sheppard and ILfees .' 1

The chief objection to the sector wheel instruments is due to
the fact that a photographic surface does not in general integrate
an intermittent exposure . The effect produced, generally referred
to as the intermittency effect, has been investigated by Abney,"
Vogel . 13 Schwarzschild,' 4 Howe .P' and others . Sheppard and
Mees have round that under certain conditions, at least, this
failure of the plate to integrate an intermittent exposure is
not appreciable .

It has been considered by most workers in this field that such
instruments, when operated with the speed of rotation of the
disk between certain limits, would give at least correct relative
values of speed for various materials and practically all speed
determinations have in the past been made with this type
of sensitometer .

In the course of the sensitometric work carried on in this
laboratory, it was noticed that certain discrepancies between the
relative speed values determined by these instruments and those
measured by exposure in the camera were occurring . These
were especially notable in the case of the relative values for
materials differing widely in speed, such as, for instance, negative
and positive emulsions . In the determination of the speed of
the slow material with the sector wheel instrument it was found
necessary to multiply the standard exposure time by some factor
in order to obtain a. number of points sufficient for the satisfac-
tory determination of the shape and position of the characteristic
curve . Then, in order to obtain the correct relative speed value,
the speed read from the curve thus established was divided by the
factor used in increasing the exposure time . It was also noted
that speed values obtained by using increased times of exposure
were not proportional to such increases of time, even on the
same material . 16
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On account of the existence of the discrepancies mentioned
above, it was decided to replace the rotating sector sensitometers,
in which the exposure is intermittent, by new instruments of
Class B, giving continuous exposures with the intensity constant
and time variable . Several types were developed, and in the
following pages only brief mention will be made of these and the
larger part of the space devoted to a detailed description of the
form finally adopted, together with data showing the difference
between the performance of this and the intermittent machines .

The instruments to be described may be divided into two
general types : (t) Those using a thin metal plate in which are
cut slots of various lengths, those lengths being proportional to
the exposures which it is desired to impress on the sensitive
material . Such plates are then moved across the surface of the
material to be exposed at a velocity which must he maintained
at a precisely uniform value from the instant at which the
exposure starts until it is terminated . (2) In this class of instru-
ments the slotted shutter plate, moving at a uniform velocity, is
replaced by a shutter plate which is caused to move in a discon-
tinuous manner across the surface of the sensitive material . This
motion is produced by the application of a series of impulses, each
one of which causes the shutter plate to move a fixed distance at
an extremely high velocity, the time intervals between the appli-
cation of successive impulses being so adjusted that a series of
exposures increasing by successive powers of either 2, '\/' , Or
1/ 2 as may be desired, is impressed upon the sensitive material .
The distance through which the shutter is moved depends upon
the size of the area required for measurement . The velocity of
movement is made as high as possible in order that all points of
a given area shall receive equal exposures . A consideration of
the principles involved in these two types of instrument shows
that in the case of the former type (i) the precision obtainable
depends upon the accuracy with which the various slots in the
shutter plate can be cut and upon the uniformity of the velocity
with which that plate can be moved throughout the entire ex-
posure period ; while in the latter case, (2) . the entire burden of
securing precision is thrown upon the mechanism which deter-
mines the time intervals between the successive impulses applie_h
to the shutter plate .

The first instrument constructed, Fig . 1, was of Type 1 (Class
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B) . An aluminum plate, A, 15 cm . wide by 6o cm . long, is
mounted so as to move up and down between vertical ways . The
weight of this plate is balanced by two counter poise weights,
B, B, carried at the ends of silk cords attached to the upper end
of the plate and running over small pulleys, C, C, located at the

FIG . I .

top of the ways, one on each side . The plate is moved up and
down in the ways by means of a silk cord attached to the top and
bottom of the plate and running over the grooved pulley wheels,
D and E, of which the larger one, E, is the driving member, D
being an idler. Power is applied to E through a train of gears,
not shown in the photograph, connected with the shaft of the
chronograph drum F. The train of gears is so arranged that by
moving the lever, G, into the proper position, the plate may be
made to move either up or down, and the gear ratios are so
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adjusted that the linear velocity of the plate when moving down
is sixteen times as great as when it is moving in the upward direc-
tion. A Leeds and Northrup constant speed-governed motor fur-
nishes the power for operating the mechanism, and is connected
to the shaft of the chronograph drum by means of a worm and
worm-wheel . Four interchangeable worm-wheels are provided,
having different numbers of teeth, so that angular velocities of
I, 2, 4 and 8 units may be imparted to the drum, thus making
it possible to vary the exposure time over a considerable range.
In order to eliminate the possibility of injury to the mechanism,
due to the failure of the operator to shut off power, or to throw
the lever, G, into its neutral position when the plate has reached
the end of its travel, electric contacts are placed at the upper and
lower ends of the ways so that when the plate reaches either of its
extreme positions, a low voltage circuit is closed, which energizes
the solenoid 1, which in turn opens the IIo-volt circuit supplying
power to the driving motor IT . The photographic plate to be
exposed is carried in a plate holder, which slides into position
behind the shutter plate at K. Two interchangeable shutter
plates are provided, in one of which the length of the opening
increases by powers of 2 and in the other by powers of \/ 2 .
The nine steps are each i cln . wide and their lengths are pre-
cisely limited by means of adjustable steel edges attached to
the aluminum plate by screws . In case of the very short steps
the length is adjusted to the desired value by use of a micrometer
microscope . In the face of the plate holder are two openings,
each 1 .5 cm. wide by 9 cm. long. and separated by a distance of
I cm., each opening being provided with a dark slide . In using
the shutter plate in which the openings vary by powers of N/
the dark slide covering the tipper opening in the plate holder is
withdrawn, while the shutter plate travels up. When the shutter
plate has completed its upward motion this dark slide is pushed
in and the one covering the lower opening is withdrawn, while the
shutter plate moves down at sixteen times its upward velocity .
In this way a sensitometer strip consisting of two nine-step por-
tions is obtained, having seventeen steps with exposures increasing
by powers of V~_T there being one step on each, having equal
exposures for the purpose of checking . In case the shutter plate
having the steps increasing by powers of 2 is used, a series of
nine exposures varying from I to 256 is obtained by allowing

\-01 . . 189, No. 1131-23
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the shutter plate to travel in one direction only, and as this range
is sufficient for most cases, it is not necessary to make use of the
double motion of the shutter. Both dark slides may therefore be
withdrawn and the two strips exposed simultaneously .

In some instances it becomes necessary to measure the inten-
sity of illumination acting on the photographic plate and to pro-
vide for such cases a photometric attachmentis provided . A pair
of Y,-inch steel rods, LL, are mounted in a horizontal position,
as shown . Moving on this track is a light tight box Al, in which
is mounted a small standard incandescent lamp . An aperture in

FIG. 2.

the end of the box permits the light from this lamp to fall upon
the back of the plate holder K . Now, in order to measure the
intensity of the illumination incident upon the plane occupied by
the photographic plate during exposure, the plate holder is re-
moved and in its place is inserted the special photometer head
shown in Fig . 2 . The photometer screen A, consisting of a block
of magnesium carbonate the opposite surfaces, C and D, of which
are carefully cleaned by scraping down with a steel straight edge
so as to be of equal reflecting powers, is mounted so that when the
attachment is in position the surface C lies in the plane occupied
by the photographic plate when it is in position for exposure .
Two mirrors, RE, a photometer cube, F, and eye-piece, G, consti-
stute the essential parts of this attachment which is very similar
to the ordinary Lummer-Brodhun photometer head . When this
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is in position the surface C is illuminated by the light used for
exposing the photographic plate while B is illuminated by light
from the standard lamp in M, Fig. I . A photometric match is
made by running M back and forth on the track LL, and the
distance of the lamp from B is read off on scale N, Fig . I . The
candle-power of the lamp being known, the illumination on B,
Fig . 2, and hence on C can be computed. In case the intensity
of the exposing light is extremely variable and it is desired to read
the illumination on the photographic plate during exposure, the
magnesium carbonate block B can be removed from its position and
in its place can be inserted a holder containing the photographic
plate to be exposed. The plane of the plate to be exposed occupies
the same plane as surface C . In order that the two sides of the
photometric screen shall be of equal reflecting power, a second pho-
tographic plate is placed so that its face occupies the plane of
surface B. In such a case the room in which work is being done
must be darkened and illuminated only by the proper safelight .
By the use of such a photometric screen, the faces of which are
composed of photographic plates, the intensity readings may be
made while exposure is taking place . The entire sensitometer
is mounted on a heavy metal base which can he moved to any
desired position on the track 00 . This instrument gave very
satisfactory results, although considerable difficulty was experi-
enced in obtaining a sufficiently uniform velocity of the shutter
plate, and in keeping the various parts of the mechanism in good
adjustment. These disadvantages, together with the fact that
considerable skill and experience is required on the part of the
operator, makes the instrument unsuitable for routine work .

In an effort to devise an instrument more completely automatic
in action, requiring less attention on the part of the operator,
and at the same time giving precisely timed exposures, attention
was turned to the second type (2), of Class B, in which a series
of separate impulses are applied to the shutter plate.

For the purpose of description such a sensitometer may be
divided into two parts : (I) the timing device which closes the
electric circuit at the proper instants of time, thus furnishing the
desired series of impulses . ; and (2) the exposing machine, con-
sisting of the light source of constant intensity which may be
covered and uncovered at the proper instant by an impulse fur-
nished by the timing device, a sliding shutter plate so constructed
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as to be operable by a series of impulses from the timing device,
a plate holder carrying the photographic plates to be exposed, a
plate holder slide for holding the plates in position behind the slid-
ing shutter, and the necessary control keys for starting and stop-
ping the timing mechanism . The elements of the exposing
machine are all mounted together, forming a complete unit which
can be used in an undarkened room and at any desired position in
the building irrespective of the location of the timing device .

THE TIMING MECHANISM .

As previously stated, the burden of obtaining precision in this
type of sensitometer is thrown upon the mechanism which deter-

FIG. 3 .

	 •	

32a

mines the time intervals between successive impulses . After care-
ful consideration and preliminary trials, it was decided to adopt
a perforated tape as a means of producing the correctly timed
series of impulses . This tape is made by punching holes A, B, C,
etc., spaced at the proper intervals, in a strip of motion-picture
film as shown in Fig . 3 . This film is then drawn through a con-
tact maker at a constant linear velocity by means of a mechanism
driven by a constant speed-governed motor . As each hole passes
a certain point in the contact maker a contact is made which
operates a relay which in turn energizes a solenoid, the plunger of
which is so arranged as to move the shutter plate one step in the
desired direction . In the first model the film itself was allowed
to run directly between the two points of the contact maker, thus
allowing them to come together only when one of the holes came

(J . F. I .
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into position . This required that one of the points press con-
tinually on one surface of the film and it was found that this con-
tact point soon became fouled, due to the collection of dust and
particles of the film itself, so that the making of a good electrical
contact was very uncertain . A contact maker, such as is shown
in Fig. q, was then devised, and has proven very satisfactory .
The figure is a partial cross section showing the film 0 in position
between the two metal plates C and D, which are separated by a
distance equal to about twice the thickness of the film . This
distance is necessary in order that a splice in the film may pass
easily between the plates. The arm A, pivoted at one end on
the point H, carries at the other end a screw M, with a platinum
contact point L, at its lower extremity . The other contact point
K is mounted on plate C, as shown.

At a distance from 11, equal to one-sixth of the total length

FIG . 4.
~ M

A	 _.-,- ..-- H

I9WA 'd6.

of the arm A, is a steel lug B rigidly attached to A and projecting
through an opening in plate C. The lower extremity of this lug
rests upon the upper surface of the film 0, and supports the arm
A at such a height that I. and K are separated . by about i mm .
When a hole in the film comes into position under lug B its edge
moves down by the thickness of the film .2 mm., allowing L to
move down by six times that distance, thus making a contact
between L and K which completes the relay circuit . The hardened
steel plate, highly polished on the upper surface, is fitted into an
opening in plate D, as shown, and is pressed upward against the
lower face of the film by the spring F, thus keeping the film pressed
firmly against the lower face of plate C at all times .

The film containing the perforation is pulled through this con-
tact maker by means of a film sprocket, on the circumference of
which are rows of teeth engaging the perforations along the edges
of the film. This sprocket is driven at a constant angular velocity
by means of a governed motor so that the number of pertorations
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passing a given point in a fixed time will be constant . Since a
long strip of film may change its length slightly with age or with
variation in conditions. of temperature and humidity, the spacing
of the operating openings (A, B, C, etc., Fig. 3) is determined
in terms of the number of edge perforations rather than by actual
linear measurement. This procedure eliminates any error of tim-
ing that might result from a linear expansion or contraction of the
film due to any of the various causes of change of length . A
special punching device is used for spacing the operation openings .
This consists of a film sprocket to the axis of which is attached
a large graduated circle with vernier scale . As this sprocket is
turned the film is pulled through the punching die and the distance
between successive openings can be read in terms of the number of
edge perforations to within o1 of an edge perforation interval .

Since it was desirable to operate several exposing machines at
the same time, a central station (Fig . 5), consisting of a multiple
timing device was constructed, thus utilizing one governed motor
for driving several contact makers . The governed motor A is
connected through a worm and worm wheel and a pair of spur
gears of a ratio of i to 1 to a long counter-shaft on which are
mounted three film sprockets, B, B, B, running free on the counter-
shaft . Near each sprocket and fixed to the counter-shaft is
mounted an iron-clad magnetic clutch, the soft iron armature of
which is attached to the film sprocket . When any one of these
magnetic clutches are . energized the corresponding armature is
seized, thus causing the attached film sprocket to rotate at the same
angular velocity as the counter-shaft. The speed of the motor
and gear ratios are so adjusted that the film bands E, F and G are
drawn through the contact makers at the rate of four edge per-
forations per second . The fourth clutch, K, is mounted on a
separate counter-shaft connected to the main counter-shaft by
interchangeable spur gears of such ratios that velocities of 1, 2, 4
8 or 16 edge perforations per second may be imparted to the
film band H at the will of the operator, thus permitting the total
time of exposure to be varied over wide limits . In case further
range of variation is desired, the pair of spur gears D may be
changed, giving either four times, or one-fourth of the standard
rate of rotation, to the main counter-shaft . The motor, counter-
shafts, and contact makers are mounted on a heavy cast-iron base
L, forming the bottom of the oak cabinet which houses the entire
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central station . On a shelf above are mounted four relays and
the eight-volt dry-cell battery AI furnishing the electromotive
force for the primary relay circuits . In the rear of the cabinet
are the four film containers R, containing the film of the various
timing tapes . In these containers the film is looped back and
forth over rollers mounted at the top and bottom of the boxes,
each container having a capacity of about seventy feet of film .
The film records after being punched are made into continuous

bands by splicing the ends together. They are then placed in the
containers which are shifted into position, a loop of the film being
pulled out, threaded through the contact makers and over the
guide rollers as shown in Fig. 5. A spring tension is provided
inside each container so that all slack is automatically taken up,
causing the film to run uniformly, thus making more certain
satisfactory operation of the contact makers . By lowering the
hinged doors N, all of the mechanism is inclosed in a dust-
proof case .

As was stated previously, it is necessary to shut off the expos-
ing light at the proper instant. This is accomplished by means
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of a pair of auxiliary contacts on the contact maker, slightly offset
from the central line of openings . A single opening G, Fig . 3, in
the film band is punched at the proper distance from the last of the
main series of openings and offset so as to come into position over
the auxiliary contacts . This pair of contacts is arranged so that
the film band when in position in the contact maker depresses the
end of the pivoted lever, the other end of which presses against
the contacts holding them together. When the offset opening G
comes into position over the end of the lever the pressure is re-
leased, the contact part thus opening the electric circuit . Through
this circuit flows the current which energizes the magnetic clutch,
causing the film sprocket to rotate and in series with the clutch is
a solenoid used for cutting off the exposing light . In case an
acetylene burner is used as a source, this solenoid when energized
holds open a shutter placed between the burner and the plate to be
exposed . The breaking of this circuit by the coming into position
of the opening G de-energizes the solenoid, allowing the shutter
to close instantly under the action of a coiled spring . At the same
time the clutch is released, causing the film band to stop in
position for the next series of exposures . The acting edge of
lug B, Fig. 4, is precisely aligned with that of the lever operating
the auxiliary contacts, so that in punching the film record the posi-
tion of the leading edge of opening G. relative to that of F (the
last of the central series) can be accurately determined by means
of the punching die used for spacing the central series of holes .
This is accomplished by constructing the punching die so that the
punch can be offset in a direction exactly perpendicular to the
linear axis of the film strip and by an amount such as to bring
the offset hole over the auxiliary contact of the contact maker .
Fig . 3 is a contact print from a portion of one of the film bands
actually used . The direction in which it travels through the
contact maker is indicated by the arrow . The dimension lines are
drawn to the leading edge of each opening which are so spaced as
to give a series of exposures, increasing by consecutive powers of
two . This record, run at four perforations per second, gives
exposures of .312, .625, 1 .25, 2.50, 5 .0o and io.o seconds' duration .

It is evident that any desired series of exposures may be given
by proper spacing of the openings in the film bands . This flexi-
bility constitutes one of the chief advantages of this type of
timing device.
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THE EXPOSING MACHINE.

In Fig. 6 is shown one of the complete exposing machines, A
being the lamp-house inclosing the standard acetylene burner, and
the shutter which terminates the exposure, together with its opera-
tion solenoid . The extension bellows B, providing for the adjust-
ment of the lamp distance, connects the lamp-house with the
extension box C, which is fitted with filter holders, carrying the
acetylene to daylight filter, or any other filter or filters that it may
be necessary to use .

The housing, D, incloses the shutter plate, the mechanism

F G . 6 .

for its operation and the plate holder slide . H is a small pilot light
in series with the magnetic clutch of the timing mechanism and
the solenoid operating the lamp-house shutter serving when
lighted as an indication that the mechanism is operating . The
starting key T is a tapping key of the ordinary ype wired in
parallel with the auxiliary contact of the timing mechanism .
When this key is depressed the magnetic clutch is energized,
pulling the film forward, thus displacing hole G, Fig. 3, and
closing the auxiliary contact . Key E can then be released without
opening the clutch circuit, the clutch remaining energized until
hole G again comes into position under the auxiliary contact .
The member F releases the mechanism so that the shutter plate
may be pulled back to its initial position for starting a series of
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exposures . K is the plate holder slide and L the plate holder
used in this particular instrument. In Fig . 7 is shown an end
view of exposing machine opened so as to disclose the shutter
,plate and the operating mechanism above . The solenoid S, being
energized by the timing device, furnishes the power for moving
the shutter plate .

The shutter plate moves in the horizontal direction and
through a distance of i cm . at each impulse. The openings in
the front of the plate holder are io cm . long by i cm. wide, giving
an exposed area of these dimensions on the photographic plate .

FIG . ;

each strip consisting of ten steps, each i cm. square . It will be
noted that the shutter plate used in this machine has two project-
ing portions YY, on the right-hand edge. These are 3 cm . long
and are so spaced relative to the openings in the plate holder that
the upper opening of each group of four is covered by the project-
ing portions. At the start of the exposing operation the edge X
is coincident with the edges of the opening in the plate holder,
thus completely protecting the photographic plate from the action
of the exposing light after the dark slides of the plate holder are
pulled out . Exposure of three strips of each group of four begins
with the first impulse while the other two strips are protected
by the projections YY, until the application of the fourth im-
pulse . This arrangement is provided in order that one strip of
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each group of four shall receive only one-eighth as much exposure
as the other three .

A tablet consisting of strips of the standard tricolor filters A
(red), B (green), C (blue), and Dummy, is placed inside the plate
holder, the dummy filter being over the opening lying behind the
projections on the shutter plate . This instrument is used for the
determination of the exposure factors of color sensitive materials
for the tricolor taking filters and is known as the tricolor sensi-
tometer. In the instruments used for ordinary speed testing, a
shutter plate with a straight edge is used, the . projections being
unnecessary when all the strips being exposed are to receive
equal exposures .

In Fig. 8 is shown the wiring diagram of the complete appa-
ratus, the circuits of the exposing machine being shown to the
right of the figure and those of the central station timing mechan-
ism at the left . In order to simplify the description of this figure
the meaning of each symbol will be given in tabular form
as follows :

•

	

=Main line switch . J =Lever operating auxiliary con-
A' = Motor switch .

	

tact.
1I = Constant speed governed P = Magnetic clutch .

motor .

	

if'

	

Clutch armature .
B =Condenser for suppression of R =Film sprocket .

spark on gap C .

	

Z =Countershaft .
C =Governor contacts .

	

0 =Slip ring and brush carrying
•

	

=Shunted resistance' coil . current to clutch winding .
L = Eight volt battery on relay E = Solenoid operating shutter plate,

circuit.

	

F =Pilot lamp .
•

	

=Main contact of contact maker. G =Solenoid operating lamp-house
V = Condenser to choke spark at K.

	

shutter.
U = Condenser to choke spark on H = Starting contact .

relay contact.

	

T = Condenser for choking spark at
•

	

= Portion of film band, 11 and A .
V =Portion of film band .

	

S

	

Four point plug connector-
A =Auxiliary contact.

In Fig. 8 are shown the circuits for a single instrument and
these circuits are duplicated for each additional unit . One part of
the four plug connectors, S, is mounted on the central station
cabinet, the other being wired to the end of the cable leading to the
exposing machine . The connections are made interchangeable so
that any one of the exposing machines may be plugged in on any
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one of the four timing mechanisms in the central station, making
a very flexible and convenient arrangement .

In Fig. 9 is shown a special sensitometer built on the same
principle as the ones just described . This is built to be used in
a dark room and is for convenience provided with its own gov-
erned motor A, and contact maker C, although it may also, if
desired, be operated from the central station, shown in Fig . 5 .
The exposing machine is at B and the light source in the housing
D. In Fig. to is shown a detail of the shutter plate, the mechan-
ism for its operation and the holder for the sensitive material to
be exposed. This was constructed primarily for the testing of

Fic. 8 .

photographic printing papers and takes an 8 x to sheet of the
material. The paper is placed in position in front of the board E,
which is then turned into a vertical position and locked, holding
the sheet of paper in place during exposure . In case it is not
desired to expose the entire surface, a suitable template with
narrow vertical openings, or with a series of small circular aper-
tures, may be placed in the holder before inserting the sensitive
material . In this way sensitometric exposures may be impressed
near the edges of a sheet while the centre is reserved for printing
from a negative, thus giving, when developed, the sensitometric
characteristic and a picture upon the same sheet of sensitive mate-
rial and also assuring identical treatment in the development of the
two. The mechanism is so arranged as to give twenty-five expos-
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Fw. 9.

Fic. io .



322

	

Loon A. Jotias .

	

[J . F. T .

ure steps and since papers as a rule have relatively short scales,
film records giving a series of exposures, increasing by powers of
_V2 or 1/3, are usually used in order to provide a sufficient
number of points for the precise determination of the shape of the
characteristic curve . Photographic plates, 8 x to inches, may be
exposed in this machine with equal facility . A detail view of
the lamp-house is shown in Fig . i t . An electric incandescent lamp
inside the housing illuminates a sheet of opal glass ( m x 12

Frc . ni

inches), set in front of the lamp-house behind the door frame F .
A set of metal plates of the same dimension as the opal glass is
provided in which are cut circular apertures of various dimen-
sions, the area of the aperture increasing from plate to plate by
powers of 2 . Any one of these may be held in position over the
opal glass thus limiting the effective area of glass used as a source .
In order to still further vary the intensity of illumination incident
on the material being exposed, the distance between the opal glass
and the exposing machine may be varied and read from a scale
attached to the track on which the exposing machine moves . The
solenoid G (equivalent in function to G, Fig . 88) terminates the
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exposure at the proper instant, not by operation of a shutter, as
in the case of instruments using the acetylene as a light source,
but by opening the switch W, through which current flows to the
lamp in the lamp-house and to the operating motor . The start-
ing contact is at II, the rheostat controlling the lamp current
is operated by the hand wheel K, and voltage applied to the lamp
used as source is read from the voltmeter V .

In Fig . 12 is shown another variation of the same type of
FIG. 12 .

sensitometer, a stepped shutter plate C, being used instead of the
straight edge type employed in the instruments previously de-
scribed . The plate holder carrying the photographic plate is
inserted at A, in the hinged back E, which in use folded up against
the frame F, thus holding the photographic plate in position
directly behind the shutter plate C . Exposure takes place through
the slot B. The shutter plate C, when either in the initial or final
positions, completely covers slot B, thus protecting the sensitive
material from action of the exposing light . Each time the sole-
noid G is energized the shutter plate is moved one step to the
right . Handle D is provided for pulling the shutter plate back
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to its starting position . This type has the advantage that no
auxiliary device for terminating the exposure at a precise instant
of time is necessary, this being done by the last of the series of
impulses applied to the solenoid by the contact maker which
moves the shutter plate into a position such that it covers the
slot B through which exposure takes place . On the other hand,
it has the disadvantage that only one strip can be exposed at a
time, which is a serious objection where it is necessary to ex-
pose a large number of strips . The number of strips exposed
simultaneously could be considerably increased by increasing the
horizontal dimension of each step of the shutter plate, but such
procedure, if pursued to any extent, would result in an excessively
long shutter plate and increase the burden of the solenoid by
making it necessary to move the shutter plate through a consider-
able distance at each impulse . This instrument may also be oper-
ated from the central station, shown in Fig . 5, the solenoid, G,
Fig. 5, being eliminated and the auxiliary contact and the offset
opening G, Fig . 3, being used merely to de-energize the magnetic
clutch and stop the movement of the film band .

PERFORMANCE TEST.

In order to determine the precision obtainable with these
sensitometers the following series of tests were made . A pair of
contact prints were mounted on one of the exposing machines
in such a way that the movement of the solenoid under the action
of the impulse from the contact maker closed an electric circuit
operating one of the pens of a chronograph, the other pen being
operated by a pendulum adjusted to a period of one second. A
film band was carefully punched to give a series of exposures
increasing by powers of 2 . This was placed in position and
three complete . runs made, the time intervals being determined by
comparing the records made by the two pens on the chronograph
sheet. When operated at normal speed the second interval on the
chronograph was about i cm . long. This gave sufficient precision
for time intervals greater than four seconds, but for shorter times
the chronograph drum was geared up so as to give distance of
approximately 5 cm. per second. In the following table are given
the results of three independent sets of values determined in this
way, the group of longer time intervals being determined with the
chronograph operating at normal speed and those relative to
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shorter intervals with the drum rotating approximately five times
as fast . It will be noted that in the first group the mean error
is +.25 per cent ., while in the group of shorter intervals the mean
error is- .35 per cent . The fact that all of the errors in the first
case are positive is due to the fact that the governed motor was
running at slightly too low a speed, while in the case of the
shorter periods, an effort having been made to correct the error
noted, the speed was slightly too great . The main difficulty in
obtaining precisely timed intervals seems to lie in the adjustment
and performance of the constant speed motor rather than in the
perforation of the tape and action of the contact-making mechan-
ism. I Iowever, the errors shown in Table I are so much smaller
than other errors encountered in sensitometric work as to he
quite negligible.

TABLE L.

COMPARATIVE RESULTS .

As stated previously, it was found when using the sensi-
tometers of the sector-wheel type giving intermittent exposures,
that an increase or decrease in the exposure time did not produce a
proportional increase or decrease in the speed values obtained .
Such discrepancies are due to the intermittency effect, the exist-
ence of which is well known . (See previous references 12, 13,
14 and i5 .) These errors are eliminated by use of the non-inter-
mittent exposing machines described in this paper . That no such
effect can exist with this type of instrument is entirely obvious
from a theoretical consideration of the subject, but in order to

"'01. . 189, No. 1131-24

Computed ti aloes Observed Values (Records)
ist 2nd yd Mean Error

128 seconds	128.1 128.3 128 .3
per cent

128 .2 + .16
64 seconds	 64.10 64.15 64.16 64.14 - .22
32 seconds	 3207

	

.32.08 32 .12 32 .09 = .28
16 seconds	 16.o1 16 .03 15 .99 16 .oi + .o6
8 seconds	 8.03 8.01 8 .02 8.02 + .25
4 seconds	 4.00 4.04 4 .03 4 .02 +-50

8 seconds	 8.00 7.98 7_98
Mean +24
7.99 - .12

4 seconds	 3.99 4.00 3 .98 3 .99 -25
2 seconds	 1 .99 1 .98 1 .99 1 .99 - .50
i second	 0.996 0.992 o.998 0.995 - .50

0.5 second	 0.496 0.497 0 .501 0.498 - .40
Mean - .3g
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prove the point experimentally a series of tests were made, using
record tapes punched to give different exposure times . All gave
exposures increasing by powers of 2, the first or normal (N)
giving an exposure of 8o seconds to the area of maximum ex-
posure . In the cases of the other record tapes used No . 2 (2N)
gave r6o, No. 3 (4N) gave 320, and No. 4 (8N) gave 640 seconds
to the corresponding areas of the sensitometer strips . The results
are shown in Table II .

It will be noted that both speed and gamma values are inde-
pendent of absolute value of the exposure time .

The results of a similar series of tests made on the . intermittent
sensitometer are shown in . Table III, together with a determina-
tion made on the non-intermittent machine . It will be noted that
a decided decrease in speed occurs as the exposure time is in-
creased, while the gamma values for fixed time of development
increase slightly. The speed obtained by non-intermittent expos-
ure is higher than any measured by the intermittent method, while
the gamma value is decidedly less .

In Fig. 13 is shown the general relation between the char-
acteristic curve determined on the sector-wheel sensitometer and
that obtained by the non-intermittent method (Fig . 13), curve B
being that given by the former and A by the latter instrument .

TABLE Ill .
Na. Exp . Time (Max .) Speed r

1 AN 10 107 .0 2.12
2 %N 20 95 .5 2.19

N 40 83 .8 2.23
4 N 8o 73 .0 2.27
5 2N i6o 6o.8 2.25
6 4N 320 49 .5 2.29

7 N

Non-intermittent .

1 .438o

	

1254

TABLE II .

No . Tape Time (Max .) Speed ' S y Ay
I N 80 10.8 + .25 0 .92 - .o6
2 2N 16o 1o.6 -1- .05 1 .00 -F .02
3 4N 320 10 .4 -15 1.00 -1- .02
4 8N 640 10.4 - .15 1 .00 -}- .02

Mean 10.55 g8
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It will he noted that the density difference between the two curves
becomes greater as the exposure diminishes . It will be remem-
bered that the sector-wheel diminishes the exposure from step to
step by use of slots of smaller and smaller angular dimensions,
so that the ratio of the rest interval to the exposure interval for
each revolution of the sectors become greater toward the low
exposure end of the strip . The loss of density due to intermit-
tency is therefore proportional to the ratio of rest to exposure .
This is in agreement with the work of Schwarschild and Abney
(loc cit .) .

The magnitude of the intermittency effect varies to a great
extent for different kinds of plates . This is shown by the data
given in Table IV . The various plates used are designated by
letter as follows :

The speed values obtained by the sector-wheel sensitometer
with normal exposure are in each case taken as loo, and all others
expressed relative to those values .

The data given in Tables II, III and IV serve to show the
relative performance of the sector wheel and non-intermittent
instrument . It will be noted that a considerable discrepancy
exists between the relative values determined with the non-inter-
mittent sensitometer and those determined by means of the sector-
wheel instrument . Further, that the relative values determined by
the sector instrument are dependent upon the absolute value of the
exposure time taken as a standard.

A. Very slow ordinary .
B. Very slow ordinary .
C. Medium speed panchromatic .
D. Medium speed ordinary .
E. Fast ordinary .
F. Fast ordinary-

TABLE IV .

Time (Max .) A B

	

D E F
20 131

	

fig 107 210
40 115

	

1o8 103 140
80 too ioo

	

loo

	

Ion loo 100
16o 99 93

	

83

	

90 96 75
320 97 83

	

68

	

79 90 55

8o 103
Non-intermittent .

102 i8o1oo

	

171

	

107
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The sensitometers of Type 2, Class B, described in this
paper, have been in use in this Laboratory for some time . Some
of them were constructed as early as 1916, and have been in con-
tinuous use since that time . In general, they have proven ex-
tremely satisfactory, although of course certain defects were
present in the first models constructed . Although a certain
amount of attention is required to keep them in good running
condition, they have not given much trouble in that respect, and
do not require highly skilled operators . The instruments operated
from the central station, shown in Fig . 5, are especially adapted
for routine work and are almost entirely automatic in their action,

2 .4

2..0

1 .6

1.2

.8

.4

MG . 1 3 .

01

	

07

	

1 .3 19

it only being necessary to close the main switch supplying the
current to the no circuit and to depress. the working key on the
exposing machine . The action from that time on is entirely
automatic and is automatically terminated, when the desired series
of exposures has been impressed on the photographic plate .

The data presented in this paper are fragmentary and not in-
tended as a treatment of the subject on the intermittency effect,
but only to illustrate the difference between the results obtained
with sector wheel and non-intermittent sensitometers . A con-
siderable amount of data has already been accumulated which,
together with the results of further work now in progress, the
author hopes in the near future to present in a paper dealing with
the general subject of intermittency .

In dosing, the author desires to acknowledge his indebtedness
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ENT

I
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to Dr. W. W. Sleator for the chronographic tests of the timing
mechanism and to Mr. Emory Huse for the experimental work
in obtaining the sensitometric data given in the latter part of
the paper .
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French Railroad Construction During the War. (La Nature,
January 3, 1920.)-The war naturally stopped all extensions of
railways except those of great importance . There were two new
lines completed on the Paris-Lyons-Mediterranean System . The
first runs from Frasne, Department Doubs, to Vallorbe in Switzer-
land . It shortens the route from Paris to Milan . Though its
length is only 15 miles, two considerable difficulties of construc-
tion had to be overcome . The marsh of Sainte-Marie had peat
and mud to a depth of 200 feet, and was crossed on a filling of
rocky material resting on the quagmire, which was forced into
waves on both sides of the line . Mont d'Or was pierced by a
tunnel more than three miles long. At one place a flow of water
amounting to 1300 gallons per second was encountered, and later
a second flow of twice the former amount interfered with operations .

The other line finished in war time was near Marseilles and
completed a second trunk line from Paris to the Mediterranean
port . Its outstanding feature is a metallic viaduct across the
Lake of Caronte of half a mile length with a turn-bridge at the
maritime canal .

G. F . S .
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